The cotyledons and embryo axes of seeds of Phaseolus vulgaris L. cv. Pinto contained 16% of the total calcium in the seed. The remaining 84% was in the testas. There was no evidence that calcium in testas was used in seedling growth or that calcium was leached from seedlings during growth.
Hypocotyl collapse occurred in bean seedlings grown in the dark without an external supply of Ca and could be prevented by the addition of Ca to the growth medium (6) . It was suggested that the level of Ca in the seed was either too low to support normal seedling growth or insufficiently available.
For several monocotyledons, light is known to promote uptake of Ca from an external solution (8, 11) . Also, evidence indicates that light promotes utilization of nutrient reserves in the cotyledons of bean and other seedlings (2, 4) . Therefore, one could anticipate a lower incidence of hypocotyl collapse in the light as compared with the dark, not only for bean seedlings grown with suboptimal levels of Ca in the external medium, but perhaps also for bean seedlings grown without an external supply of Ca. The objectives of the experiments to be described were first to examine this expectation, and then to learn if the light-induced effect was associated with an increase in level of Ca in seedling organs. To gain some insight into the 'Part of this work was done while this author held an Alexander von Humboldt Fellowship at the University of Freiburg, West Germany. mechanism of light action, effects of both far red and white light were examined.
MATERIALS AND METHODS
Seed of Phaseolus vulgaris L. cv. Pinto, obtained from the Haney Seed Company, Idaho, was used in all experiments. All experiments were at 25 C.
Nutrient Solution. Unless otherwise stated, a half-strength Hoagland's type nutrient without microelements (complete nutrient) was used. It contained Ca(NO)2, 2.5 mM; KNO3, 2.5 mM; KH2PO,, 0.5 mM; MgSO4, 0.5 mm. For Ca-deficient solutions, Ca was replaced by the same number of milliequivalents of K.
Growth of Seedlings in Plastic Dishes. Seedlings were grown in plastic dishes (50 nonsterilized seeds per container) in vermiculite known to have a relatively low level of Ca (6) and watered with distilled water.
Growth of Seedlings in Tubes. Seeds ranging in weight from about 350 to 450 mg were sterilized for 5 min in 0.1% HgC12. They were placed separately on cotton wool in sterilized glass tubes containing 5 ml of either complete nutrient solution or nutrient with a range of levels of Ca from 0 to 100 ug/ml (6) . For each experiment, 12 tubes of each nutrient treatment were placed under continuous far red light and also under continuous white light. In one set of three experiments, cotton wool stoppers remained in the tubes throughout the experiments; in another set of three experiments, the stoppers were removed 2 days after sowing. Seven days after sowing, symptoms were examined, seedlings were rated for incidence of hypocotyl collapse, and lengths of hypocotyls were measured.
Calcium Determination in Seedling Organs. Calcium was determined in organs of seedlings grown under sterile conditions in two experiments. For each experiment 12 seeded tubes containing complete nutrient and 12 containing complete nutrient minus Ca were placed in darkness, under continuous far red light, and under continuous white light. Seven days later, the most uniform 10 seedlings in each treatment were separated randomly into five lots each of 2 seedlings. For each lot, cotyledons, hypocotyls, combined epicotyls and petioles, leaves, and roots were dried separately at 27 C. Then, samples were weighed and their Ca contents were determined by atomic absorption spectrometry (3) . Owing to small sample size, the digest solutions were made to a final volume of 10 ml, and in addition, a 5-fold expanded scale and a 10-cm air-acetylene flame were used in making the atomic absorption measurements.
Irradiation. Unless Symptoms of Calcium Deficiency in Seedlings Grown under Sterile Conditions. Symptoms in seedlings grown in darkness were described in an earlier paper (6) .
Under far red light, control and Ca-deficient seedlings ( Fig.  1) were more highly developed than in darkness; cotyledons were pale green and leaves were yellow or pale green and not fully expanded; extension growth ot epicotyls and petioles was greater than under white light, except in seedlings with the most severe symptoms. As with seedlings grown in the dark, severe symptoms of seedlings grown under far red light were characterized by early deveiopment of translucency ot the hypocotyls, and these subsequently collapsed. Sometimes, epicotyls and petioles likewise developed symptoms of translucency followed by collapse. In less severely affected seedlings, hypocotyls were of normal appearance but with grey to brown necrotic lesions. Similar lesions developed occasionally in epicotyls and petioles. In some plants, hypocotyls were short and swollen with occasional necrotic streaks.
Seedlings grown under white light were green and vigorous, with relatively short hypocotyls, epicotyls, and petioles. Symptoms of Ca deficiency (Fig. 2) were essentially the same as in seedlings grown under far red light; severe symptoms in hypocotyls were characterized by the development of translucency followed by collapse; less severely affected hypocotyls developed brown necrotic streaks or were swollen with occasional necrotic streaks; epicotyls and petioles occasionally developed symptoms similar to those of hypocotyls.
Incidence of Hypocotyl Collapse in Seedlings Grown under
Sterile Conditions. For seedlings grown under far red and white light and also in darkness, incidence of hypocotyl collapse decreased and mean hypocotyl length, relative to that of seedlings grown with 100 ,ug/ml Ca, increased with increase in level of Ca in the external medium (Table I, Fig. 3 ). At 60 zlg/ml, hypocotyl collapse did not occur under white light, and there was essentially no difference between incidence under far red light and in darkness; at 100 ,ig/ml, hypocotyl collapse occurred only in occasional plants grown under far red light.
This suggests that a level of Ca of 100 ,tg/ml was suboptimal for growth of these seedlings. (7) found a positive correlation between the magnitude of water transport in pea seedlings and Ca uptake. Table I shows that the incidence of hypocotyl collapse was reduced both under far red light and in darkness when seedlings were grown without stoppers from 2 days after sowing, rather than continuously with stoppers. Reduction was greatest when the external supply of Ca was between 20 and 100 ,ulg/ml. Combined data for all organs show that, whereas addition of Ca to the external medium significantly increased the level of Ca in the seedlings, the effect of light was not significant. When levels of Ca in hypocotyls were compared with those in combined epicotyls and petioles, leaves, and roots (Table IV) , the proportion of Ca in the hypocotyls was higher for seedlings grown in the dark than for those grown in the light. For seedlings grown without an external supply of Ca in darkness, under far red light, and under white light the ratios were 0.83, 0.47, and 0.39, respectively; for seedlings grown with an external supply of Ca, the corresponding ratios were 2.23, 0.93, and 0.54, respectively.
Calcium Content of Testas and Tubes after Growth of Seedlings. For seedlings grown in the absence of an external supply of Ca, the mean total amount of Ca recovered per seedling was 84, 81, and 91 ,tg in darkness, under far red light, and white light, respectively (Table IV) . Since seeds used in the experiments weighed about 350 to 450 mg, the mean level of Ca per seed could be as high as 543 ,utg (6) . The data indicate that in the present experiments only a small proportion of the Ca in the seed was recovered. Presumably, most of the Ca remained unused in the seed testa or was leached from the seedling into the growth medium. These possibilities were examined in the following experiment. Seedlings were grown without an external supply of Ca as in previous experiments, except that acidwashed glass tubes were used and the seed was supported near the base of the tube between the glass wall and a folded filter paper (1 1-cm No. 40 Whatman). There were 12 or 13 replicate tubes with seedlings and 3 replicate control tubes without seedlings for each treatment. After 7 days, the seedlings were readily separated from the filter papers and were discarded. The teetas and residues in the tubes (including the filter papers) were dried separately at 27 C, and Ca contents were determined.
The mean levels of Ca in testas of seedlings grown in darkness, under far red light, and under white light were 383, 353, and 438 .tg, respectively, with no significant differences between treatments. The mean levels of Ca in the tube residues for combined replicate tubes incubated without seedlings (controls) and for seedlings grown in darkness, under far red light, (9) were attributed to phytochrome action. If phytochrome is the photoreceptor for high energy responses induced by far red light in bean seedlings, phytochrome action could be responsible primarily for differences in utilization of Ca in organs of seedlings grown under far red light and in darkness. Also, it could contribute to similar but more pronounced effects in seedlings grown under white light as compared with darkness. It is of interest that with pea seedlings the distribution of potassium (taken up by the roots) between internodes and tips of shoots was shown to be phytochromecontrolled (10) . Perhaps mobilization of Ca (and other metabolites) present in the seed and redistribution among seedling organs is associated with phytochrome-induced changes in permeability (16) .
Usually, the effects of white light and far red light on the Ca content and dry weight of organs were similar, but those of white light were quantitatively greater than those of far red light. Since little or no photosynthesis occurs in bean seedlings grown under far red light (as measured by CO2 exchange in an infrared gas analyser; Helms, unpublished data), the greater effect of white light could be associated with photosynthesis. The contribution of photosynthate probably was small because the mean dry weight of seedlings grown under white light differed little from that of seedlings grown in darkness (Table  II) (6, 15) show that hypocotyl collapse of seedlings grown under white light as well as in darkness is associated with Ca deficiency and indicate that Ca deficiency could constitute a cause of pre-or postemergence loss of bean seedlings in the field.
